Abstract. The extractability of P by the water and anion exchange resin methods and reactions of soil inorganic P were investigated with seven acid mineral soil samples incubated with KOH solutions of various concentrations. The results were compared with the analytical data obtained from three soil samples incubated in a prolonged liming experiment.
Introduction
The effective retention of phosphorus by acid Finnish soils decreases the availability of phosphorus to plants and results in a continuous accumulation of fertilizer phosphorus in the surface soils. The improvement of the utilization of phosphorus is of importance not only in plant production but also in protection of waters. Although the leaching of phosphorus normally is insignificant, considerable amounts of phosphorus bound by eroded soil material may be carried into waters. The possible eutrophication risk due to this phosphorus is dependent on the properties of soil and the conditions in the recipient water (HARTIKAINEN 1979) . However, the eroded soil material being carried into watercourses always causes potential loading. This means that environmental conditions in the water may alter, resulting in mobilization of certain phosphorus reserves from the sedimented soil material to the overlying water.
The purpose of this study was to investigate the effect of acidity on the extractability of soil phosphorus. The results were considered to elucidate not only the influence of liming on the availability of phosphorus in cultivated soils but also the dependence between pH and the liability of eroded soil material and lake sediments to desorb phosphorus.
Materials and methods
The experiment was carried out with seven acid mineral soil samples representing the plough layer: two silt (samples 1 and 2), two silty clay (3 and 4) and three heavy clay soils (5-7). In addition, comparative studies were made with sand (8), heavy clay (9) and gyttja clay soil samples (10), one of each, incubated in an earlier experiment at 20°C for more than half a year with and without liming. The sand and heavy clay soil were limed with 0.375 % of CaCOj and the gyttja clay soil with 0.375-3.00 % of CaCOj. Some characteristics of the soil samples are listed in One gram of soil weighed into a centrifuge tube was moistened with one ml of KOH solution (0.01-0.4 M) and incubated over night. The control sample was incubated with one ml of distilled water. In water extraction the incubated samples were shaken for one hour with 50 ml of distilled water and centrifuged. The supernatant solutions were filtered through a 0.2 u m membrane filter. Resin extraction was performed by the method described by AURA (1978 a) , using one gram of soil, 100 ml of distilled water and 2 g of anion-exchange resin (Dowex 21-K, 16-20 mesh, Cl-form). The extraction time was one hour. The extracts were analysed for phosphorus by the ascorbic acid method (ANON. 1969) .
In order to investigate changes in the pH caused by the base treatment, 10 g of soil was moistened with 10 ml of KOH solution (0.01-0.4 M) or with 10 ml of distilled water. To the samples incubated over night 25 ml of 0.01 M CaCl 2 solution was added and the pH in the suspension was measured after they were allowed to stand for four hours.
The tests were carried out with four replicates, excluding the pH measurements performed with two replicates.
Results
The treatment of the various soils with KOH solutions affected the pH in the soil suspensions to various degrees (see Figures 1 and 2 For the sake of comparison, the extractability of phosphorus was investigated also with three soil samples incubated in a prolonged experiment with and without CaC0 5 . The results are presented in Table 2 . In the sand soil sample (8) liming doubled the already exceptionally high NH 4 CI soluble fraction. The NaOH-P was markedly decreased, but the other fractions seemed to remain unchanged. In the heavy clay (9) and gyttja clay soil samples (10) the NH 4 F-P significantly rose at the expense of the NaOH-P as the pH increased. Further, it was interesting to observe that in the gyttja clay soil also the H 2 S0 4 -P distinedy tended to increase with intensified liming. The NH 4 CI-P likewise was somewhat augmented when the pH rose to 6.9. When the term a in the desorption equations ( Figure I and 2) increases, the term b decreases, but relatively slowly. In practice this means that the influence of the pH on desorption is somewhat weakened as the value of the term a increases.
On the basis of the fractionation analyses the term a can be concluded to be connected with the amount of secondary phosphorus in soils. The empirical Freundlich adsorption isotherm implies that the energy of adsorption decreases logarithmically as the fraction of surface covered increases. Because a decrease in the adsorption energy signifies an intensified desorption tendency, the phosphorus desorption from soil can be presumed to become greater as the coverage of sorption surface increases. This again would mean that also the content of sorptive components would be included in the term a. So, this factor could, to some extent, indicate the magnitude of adsorption energy or, inversely, the desorption tendency.
If the term a is a characteristic of a given soil, it means that, as the amount of secondary phosphorus in this soil increases, its sorption strength is reduced, i.e. its desorption tendency is enhanced. On the basis of what has been stated above it can be supposed that in this case the significance of pH in desorption tends to lessen, but relatively slowly.
Desorption by water extraction seemed to be more pH-dependent than that by resin extraction. As the acidity decreased the portion of water soluble phosphorus from the resin extractable quantities regularly increased. This likely resulted from the fact that in water extraction the considerable increase in OH' ion concentration owing to the rising pH sharply reduces the ability of phosphate ions to compete for sorption components. In resin extraction the significance of OH' ions as exchangers of soil phosphate is reduced by their adsorption onto the resin surface. This allows further to conclude that the quantity of resin may be a critical factor in this method.
In a previous study (HARTIKAINEN 1979) water tended to extract phosphorus the more the higher the soil pH was (r = o.72***, n = 24). According to the same paper also the EPC-values in a selected soil material tended to increase when the soil PH rose. EPC (equilibrium phosphate concentration) is a term expressing the phosphate concentration in water where no net phosphate exchange occurs upon addition of the sample to the aqueous system. In larger materials including very different soil samples, a linear correlation between the phosphorus desorption by water or resin extraction and soil pH may remain quite low (cf. SIPPOLA and JANSSON 1979) . This is possibly due to the fact that the influence of pH is connected with the quantities of secondary phosphorus and corresponding sorption components.
In spite of some unspecificity in the extraction reagents, the modified CHANG and JACKSON fractionation method is quite useful for determination of differently reacting phosphorus reserves (HARTIKAINEN 1979) . The changes in distribution of secondary phosphorus in various fractions were the same with the KOH treatments as with the liming in the incubation experiment made by KAILA (1965) . The decrease in the NaOH-P supposed to represent phosphorus bound by iron is in agreement with the fact that the maximum ability of iron to precipitate phosphate is at a lower pH level than that of aluminium (GAARDER 1934) .
The solubility diagrams for P compounds developed by LINDSAY and MORENO (1960) (HUNT 1963 , ref. MORTLAND 1968 . So, as the pH increases the Al ion is surrounded by a greater number of undissociated H 2 O-groups found to be more easily than OH' ions replaced by phosphate ion (RAJAN et al. 1974 (COLE et al. 1953 , SHUKLA et al. 1971 
